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The eastern portion of Cherry Creek Basin, from old 
Castlewood Dam to the Cherry Creek Reservoir, has been 
studied and mapped to provide engineering geology data. The 
study covers approximately 110 square miles of the total 
basin’s area of 410 square miles, and includes regions being 
subjected to major urban developments.
The Dawson Arkose Formation is the dominant bedrock that 
underlies the surficial deposits in this area. Other bedrock 
units are the Castle Rock Conglomerate and Denver Formation.
The engineering geology mapping system used in this 
study is the Genesis-Lithology-Qualifier System (GLQ), which 
together with the charts, present the main engineering 
geology properties of the surficial materials in the area.
This study is part of a larger engineering geology map­
ping and report to cover the entire basin. Final results of 
the study include three types of mapping: land-use maps;
slope maps; and engineering geology maps.
Results of this study will help guide development in the 
area and predict its impact on the behavior of Cherry Creek. 
Land-use, slope, and engineering geology mapping together, 
could form the basis for hydrological modeling of the basin 
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The Cherry Creek drainage basin is an important medium­
sized basin in the Great Plains area in Colorado. It heads 
at the Palmer divide east of Monument and flows north for 
about 60 miles to join the South Platte River at Denver.
During the 1850’s, the discovery of placer gold along Cherry 
Creek attracted the interest in the area. Formation of two 
towns along the stream started as early as 1858 when William 
Green Russell, an early prospector discovered placer gold 
deposits along Russellville Gulch, south of the city of 
Franktown (Costa, 1978). The Cherry Creek basin today
includes the southeast Denver region, where rapid urbaniza­
tion is occurring. The demand for residential and commercial 
building sites has resulted in several environmental prob­
lems, including the potential for increased flooding damage 
from Cherry Creek.
For the last twenty years, studies have started to 
develop a basic data base for any future planning and 
development along the Creek. The development around Parker
has encouraged the mapping of that portion of the basin
around and next to the Cherry Creek Reservoir.
This study is a part of larger engineering geology map­
ping and reporting efforts to cover all of the Cherry Creek
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Basin, which in total area is around 410 square miles (Costa, 
1978). Such data provide information which can be useful in 
guiding the development in the area and predicting its impact 
on stream behavior. This study covers part of the basin 
which did not have adequate engineering geology mapping.
This mapping has been coordinated with one other concur­
rent study of the west portion of the Cherry Creek Basin in 
the same general area (Al-Shagra, 1986).
1.1 Location
The study area is located southeast of the city of 
Denver (Figure 1), extending from the Cherry Creek Reservoir 
in the north to the old Castlewood Dam in the south. The area 
is about eighteen miles long and averages about six miles 
wide; it therefore covers approximately 110 square miles. 
The study area is within Arapahoe and Douglas counties and 
covers parts of Townships 5, 6, 7, 8 South, Ranges 65, 66, 67 
West. Portions of the following U.S. Geological Survey 
lh minute quadrangles are involved in this study:
a) Parker ;
b) Piney Creek;












e) Castle Rock South; and
f. Russellville Gulch.
1.2 Purpose and Scope
The purpose of this study is to provide a geological 
engineering assessment for part of the Cherry Creek basin 
southeast of the city of Denver.
Data provided from this study evaluate the geological 
engineering characteristics of the surficial materials in the 
area by:
a) Applying the GLQ engineering geology mapping 
system, which is defined later in this text;
b) Providing three types of maps with a scale of 
1:24,000 for the study area, including an engineer­
ing geology map, a slope map, and a land use map; 
and
c) developing descriptive tables which contain soil 
test data and assessments of the limitations asso­
ciated with engineering geology map units.
In the future, when similar data cover the whole basin, 
a new hydrological model for the drainage basin may be
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developed from which predictions of stream behavior under 
different conditions can be made.
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2.0 GEOLOGIC SETTING
2.1 Previous Geologic Investigations
No detailed geologic maps with a scale of 1:24,000 cover 
the whole study area. Recent regional geologic studies were 
undertaken as part of the U.S. Geological Survey’s Front 
Range Urban Corridor Project during the 1970’s. Some large 
scale quadrangle maps are available within and adjacent to 
the basin, and most of these contain useful engineering geo­
logic and hazards information. Important previous publi­
cations considered in this project can be classified as quad­
rangle studies, theses, regional maps and papers, and publi­
cations describing the geologic history of the area.
Quadrangle maps and reports of interest include:
a) ’’Geology of Littleton Quadrangle, Colorado” 
(Scott, 1962);
b) ’’Quaternary Geology and Geomorphic History of the 
Kassler Quadrangle, Colorado” (Scott, 1963);and
c) ’’Geologic map of the Parker Quadrangle, Colorado" 
(Maberry and Lindvall, 1972);
Theses covering parts or adjacent to the study area 
include :
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a) "The geology of the Castle Rock area, Douglas 
County, Colorado” (Welsh, 1969); and
b) "The geology of the Jarre Canyon area, Douglas 
County, Colorado" (Ballew, 1957).
Regional maps and reports describing the geology of the 
study area include:
a) "Castle Rock Folio", the first work within the area 
(Richardson, 1915);
b) "Preliminary Geologic Map of Colorado" (Tweto, 
1976);
c) "Geologic map of the Greater Denver Area" (Trimble 
and Machette, 1979);
c) "Geologic map of the Castle Rock-Colorado Springs
Area," (Trimble and Machette 1979); and
e) "Geologic map of the Denver 1° X 2° Quadrangle,
North-Central Colorado (Bryant, et al, 1981).
Reports describing the geologic history of the study 
area include:
a) "Surficial Geology of Denver Area" (Hunt, 1954);
b) "Stratigraphy of Uppermost Cretaceous and Lower
ER-3107 8
Tertiary Rocks of the Denver Basin” (Soister, 
1978);
c) "Cenozoic Tectonic History of the Great Plains” 
(Trimble, 1980);
d "Castle Rock Conglomerate" (Morse, 1979);
e) "Geology of Denver, Colorado," (Costa and
Bilodeau, 1982); and
f) "Environmental Geology of the Front Range Urban
Corridor, Colorado" (Hansen and Crosby, 1982).
2.2 Geologic History
This area is part of the Great Plains physiographic 
province, but was affected by geological events in the 
Southern Rocky Mountain province. Until about 70 million 
years ago, shallow seas covered the entire continental 
interior and a thick sequence of marine sediments were 
deposited.
The onset of the Laramide orogeny, 67.5 million years 
ago, created the present Rocky Mountains. As the mountains 
rose, erosion of the Precambrian cores began. Debris from 
that erosion, combined with volcanic deposits, formed the 
Denver and the Dawson Formations in this area (Trimble, 
1980).
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Approximately 45 million years ago, the Laramide orogeny 
ended and the entire region became tectonically stable. A 
widespread erosional surface cut across the mountain blocks 
and extended eastward across the plains (Trimble, 1980).
Deep weathering took place during this period and a paleosol 
has been identified, a result of this weathering.
Thirty-five million years ago a flow of rhyolitic ash 
poured eastward across the eroded and weathered surface in 
the mountains and onto the depositional surface of the Dawson 
Formation to form the Wall Mountain Tuff (Epis and Chapin, 
1974).
New uplift followed this period and caused this layer to 
fragment. Detritus from all existing rocks provided the 
sedimentary fill that was deposited almost continuously on 
the plains to form the Castle Rock Formation within the study 
area (Hansen and Crosby, 1982). This depositional cycle 
continued until about 10 million years ago.
Table 1 shows the stratigraphie sequence within the 
study area.
2.3 Bedrock Geology
The Cherry Creek Basin is underlain by rocks ranging in 
age from Upper Cretaceous to 01igocene. These bedrocks are 
Dawson, Denver, and Castle Rock formations. Figure 2 shows
ER-3107
Table 1. Generalized Stragraphic Sequence Within the Study 
Area (after Costa, 1978 and Hansen, 1982).
TIME formation
Holocene
Post-Piney Creek Alluvium 
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how these formations are related to the surficial materials 
in the study area.
2.3.1 Denver and Lower Dawson Formations
In the northern portions of the study area, in southern 
Arapahoe County, the bedrock is mainly composed of inter­
fingering Denver and Dawson lithologies.
The Denver Formation is characterized as an andesitic, 
tuffaceous, sandstone with interbedded claystone, siltstone, 
and conglomerate. North of Piney Creek, this formation is 
the main source of the montmorillonitic swelling clays (USDA, 
1971). No exposed section of the Denver Formation was found 
within the study area, but exposed sections of the lower 
Dawson Formation are mainly composed of multicolored arkosic 
sandstone (Fig. 3) with some siltstone and claystone. No 
conglomerate facies of the Dawson have been identified in 
this area.
2.3.2 Upper Dawson Formation
Following the deposition of the lower Dawson a period of 
stability, erosion and paleosol formation resulted in the 
formation of an unconformity which separates the lower and 
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Figure 3. Exposed Fine-Grained Dawson Formation in the Pon 
derosa Park Area, SE*t of sec. 16, T5S, R66W.
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The upper Dawson exists in central, eastern and southern 
parts of the study area, where high ridges of coarse arkosic 
sandstone overlie the lower Dawson. These coarse-grained 
facies of the upper Dawson have protected the underlying 
softer layers from erosion by stream tributaries because they 
have a higher resistance. The upper Dawson is composed of 
white to brown, fine to coarse arkosic sandstone with some 
fine subangular to subrounded gravels (Figure 4). Inter­
bedded siltstone, claystone and shale exist locally. Often 
the "Dawson Arkose" is used to refer to the coarser grained 
deposits of the Dawson Formation.
2.3.3 Castle Rock Formation
The Castle Rock Formation overlies an uneven eroded 
surface on the Dawson Arkose (Hansen and Crosby, 1982). The 
Castle Rock Formation is well exposed in the southern por­
tions of study area along Russellville Gulch, where it typi­
cally forms cliffs (Figure 5). The Castle Rock Formation is 
composed of fine- to medium-grained quartz and felspathic 
sandstone, containing gneiss, quartzite, granite, and chert 
pebbles along with scattered fragments of porphyry and rhyo- 
lite. Maximum thickness is thirty feet within the study 
area. The Wall Mountain Tuff, which is suppposed to underlie 
the Castle Rock Formation according to Trimble (1980) and
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Figure 4. Exposed Upper Dawson Formation, along 
Highway 83, Russellville Gulch Quad­
rangle, NE% of sec. 20, T8S, R65W.
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M,
Figure 5. Castle Rock Formation overlies Dawson 
Formation. Russellville Gulch Quad­
rangle, NE% of sec. 20, T8S, R65W.
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shown in the stratigraphie sequence in Table 1, was not 
mapped within this area and is believed to have been mostly 
eroded. However, fragments and blocks of tuff are embedded 
within the basal part of the Castle Rock Formation.
2.4 Surficial Deposits
The eastern portions of the Cherry Creek Basin are 
generally hilly with gentle to steep slopes. These slopes 
become steeper to the south and east along the boundary of 
the basin. Eolian deposits of loess and fine sand mantle 
these highlands and some of the valley slopes. Central 
portions of the study area are more gentle and rolling, 
leveling out in the Cherry Creek Valley which forms the 
western boundary of the area. The topographic relief ranges 
from 6,860 feet in the southeast to 5,600 feet along Cherry 
Creek.
A series of step-like terraces are scattered along the 
major stream and some of its tributaries. Steep slopes, 
cliffs and steep valleys exist mainly in the southern part of 
the study area where the Dawson Arkose is covered with the 
erosion-resistant Castle Rock Formation.
Quarternary deposits in the Front Range of Colorado have 
been extensively studied by Hunt (1954) and Scott (1963). A 
standard sequence of names for a series of pediments and
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terrace deposits, first proposed by Scott (1963), form the 
basis of all modern descriptions (Table 2). Three levels of 
pediments have been identified in the Colorado Piedmont. 
Only one level of pediment exists within the study area. 
This level is overlain by Slocum alluvium.
In early Wisconsin time, streams cut deeply into the 
Slocum pediment to depths at least 130-160 feet (Scott, 
1963). This valley cutting was followed by alluviation 
within the valleys, and never again did the streams leave 
these valley systems. Today in the study area, the mapped 
Slocum Pediment is about 100-110 feet above modern stream 
levels.
Five episodes of erosion and alluviation within the 
valleys have been identified (Scott, 1963). These are from 
oldest to youngest : bouviers, Broadway, Pre-Piney Creek,
Piney Creek, and Post-Piney Creek. The youngest three levels 
have been mapped as a single unit within the study area, 
because they form an essentially uniform floodplain within 
the mainstream and tributary valleys. In contrast the 
bouviers Alluvium forms a terrace rising about 50-70 feet 
above the modern stream, while the Broadway alluvium forms a 
terrace some 25-40 feet above stream level. The field 

























































within the study area, including three alluvial deposits. 
These are described in the following sections.
2.4.1 Slocum Alluvium
This is of Illinoian or Sangamon age (Scott, 1960). It 
is found along Cherry Creek, south of Franktown on 
Highway 83, with a limited areal extent. Elevation of this 
pediment is 100-110 feet above modern stream level. The 
surface of this pediment also extends under the eolian 
deposits to the north. Texture of this alluvium has been 
described by Scott (1960) as varying from gravel and sand, to 
clayey and silty sands. Only fine-grained Slocum deposits 
have been observed within the study area.
2.4.2 bouviers Alluvium
bouviers Alluvium is of early Bull bake age (Scott, 
1963). It forms terraces 50-70 feet above the existing 
stream level. In exposed sections, the alluvium is about 
20 feet thick and consists of silty, clayey sands with fine 
gravels and some pebbles. However, it may be considerably 
thicker in other areas. bouviers terraces are narrow and 
relatively small. They are found along Tallman Gulch south 
of Parker town limits, within the town of Parker, along 
Cherry Creek Reservoir, and along Russellville Gulch. Most
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of these locations show fine-grained alluvial materials 
(which may be coarser at depth). Coarse-grained materials 
were found at the end of Bayou Gulch east of Franktown 
(Figure 6).
2.4.3 Broadway Alluvium
This is of Pinedale age (Scott, 1960). It forms 
terraces approximately 25-40 feet above modern stream level, 
consisting mainly of clayey, silty sand with some fine 
gravels (Figure 7). Broadway terraces are much more exten­
sive and found throughout the area along Cherry Creek, 
Sulphur Gulch, Tallman Gulch, Kinney Creek, Baldwin Gulch, 
Bayou Gulch, and Russellville Gulch.
2.4.4 Piney Creek and Associated Alluvial Deposits 
Pre-Piney Creek, Piney Creek, and Post-Piney Creek
deposits were mapped as a single unit, and they are all of a 
Holocene in age (Scott, 1963). These deposits are composed 
of silty to clayey sands with some gravel. Post-Piney Creek 
alluvium is lighter in color and has more sandy materials 
(Figure 8). Thicknesses range from one foot to about fifteen 
feet in thickness. These deposits have been mapped along 
Cherry Creek, Piney Creek, and all other major tributaries in 
the study area.
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Figure 6. Section through Louviers Terrace, gravel 
pit along Highway 86, NE!» of sec. 16, 
T8S, R65W.
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Figure 7. Broadway Terrace along Cherry Creek, SE% 
of sec.9 , T6S, R66W.
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gure 8. Post Piney Creek deposits along Cherry Creek, NW** 
of sec. 3, T7S, R66W.
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2.4.5 Recent Alluvial Deposits
Recent alluvial deposits are found in the main channels 
along recently abandoned channels in the flood plain. These 
are composed of silty to clayey sands with fine gravels. 
Thickness ranges from 3-6 feet (Figure 9).
2.4.6 Eolian Deposits
Extensive deposits of windblown sand and silt are found 
over more than 35 percent of the study area. Shallow excava­
tions in these deposits north of the study area tend to
remain standing vertically and show these deposits to be 
composed of silty sands with some clay (Figure 10).
This unit is probably a correlative of the "Highland 
Loess" of Schwochow (1974). Thickness of this unit varies 
from 15-20 feet north of the study area to 3-6 feet in the 
central part and eastward. These deposits are believed to be 
transported by northeast trending winds from the stream 
deposits along Cherry Creek (Hunt, 1954). Some of the finer- 
grained materials could be derived from the fines in the 
Dawson Formation. These materials are redeposited eastward 
as loessial deposits. Two eolian units have been mapped 
within the study area. They are differentiated by their 
underlying materials. The first unit overlies the Dawson
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Figure 9. Recent alluvium deposits, NW3* of sec.9 , T6S, 
R66W.
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Figure 10. Vertical cut in Eolian Deposits, north 
of study area, SW% of sec. 7, T5S, R66W.
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Formation, while the other eolian deposits overlie alluvial 
terrace materials.
2.4.7 Colluvial Deposits
These deposits are widely dispersed throughout the study 
area and account for about 40 percent of the total area. 
Four map units have been identified to be of a colluvial 
genesis. They are:
a) Silty Clays: slope wash of fine materials from
Dawson and Denver Formations.
b) Sandy Silty Clays: slope wash composed of Dawson
sandstone, claystone, and siltstone.
c) Silty Clayey Sands With Some Fine Gravels: slope
wash of coarser materials of the Dawson Formation.
d) Cobbly Gravelly Sands on Steep Slopes of the
Dawson: slope wash of the weathered Castle Rock
Formation overlain by the Dawson Formation in the 
southern portion of the study area.
Thicknesses of these units range from six inches to 
eight feet. Deposits in more active erosion areas or derived 
from the Dawson and Castle Rock materials are generally 
coarser (Figure 11) than those subjected to greater insitu
ER-3107
Figure 11. Coarse colluvial deposits weathered from 
Castle Rock Formation and overlie Dawson 





weathering or derived from the Denver Formation, which are 
generally more clayey and silty.
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3.0 ENGINEERING GEOLOGY MAPPING TECHNIQUES
3.1 Previous Engineering and Environmental Investigations 
No detailed engineering geology study or mapping at a
scale of 1:24,000 covers the whole study area. Separate 
regional environmental, engineering geology, and hydrologi­
cal studies have been done, some as part of the Front Range 
Urban Corridor Project.
Extensive engineering and environmental geology studies 
were done in the Parker Quadrangle, and resulted in fourteen 
different 1:24,000 scale maps (Maberry, 1972). A study of 
geological hazards within Douglas County was conducted by the 
Colorado Geological Survey (Soule, 1978) and resulted in a 
series of 1:24,000 scale quadrangle maps which include the 
current study area.
Soil investigation data have been compiled and published 
by the U.S. Department of Agriculture, Soil Conservation 
Service for the Arapahoe County and Castle Rock areas (USDA, 
1971; 1974).
Hydrological studies have been done as part of the Front 
Range Urban Corridor and for other projects (Millier, 1976, 
1980). Other important environmental and surface hydrology 
studies of the lower part of the Cherry Creek basin have been 
done by Costa (1978).
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Available engineering soils data required for the pre­
liminary requests for zoning and development have been 
studied and analyzed. These data have been done by different 
soil testing companies, and were obtained from the Colorado 
Geological Survey, and the Arapahoe and Douglas county plan­
ning departments.
3.2 Development of Engineering Geology Mapping Techniques
The growing awareness of the importance of geology in 
environmental impact analysis has had a great effect on engi­
neering geology during the last twenty years. Methods of 
mapping to show the engineering properties of the geologic 
materials were needed as part of this assessment. Tradi­
tional geological mapping methods, using time-stratigraphie 
units, were found to be not useful enough for engineering 
design purposes, although some maps using traditional mapping 
methods and auxiliary tabulations of selected engineering 
properties were produced (Radbruch, 1979).
Recently, new methods of mapping were designed to take 
into consideration engineering planning and design needs. A 
variety of styles were designed in North America and Europe, 
some of these techniques have been described in published 
papers (Rockaway and Lutzen, 1970; Nichols and Campbell, 
1971; Varnes, 1974 ; UNESCO, 1976). Other new styles of map­
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ping show geomorphic features, by what is called "terrain 
evaluation" or "terrain classification" methods, and then 
relate engineering properties and limitations for human acti­
vities to each of these terrain units (Varnes and Keaton 
1984).
Differences between these mapping styles are well 
defined through the above mentioned references, especially in 
Varnes (1974) and UNESCO (1976).
3.3 Development of the Genesis-Lithology-Qualifier (GLQ)
Mapping System
The Genesis-Lithology-Qualifier (GLQ) system of mapping 
defined by Keaton (1984) was selected for this project. The 
GLQ system traces its development to engineering geology 
quadrangle mapping in the Denver area by Gardner and co­
workers, who completed his mapping after his death (Gardner 
and Johnson; 1971, Miller and Bryant, 1976; Hart and Simpson, 
1980). Gardner’s techniques were adopted by Galster (1975, 
1977) to regional engineering geology mapping in the states 
of Oregon and Washington. These methods used a system of map 
symbols to define the textural characteristics of the surfi­
cial material and/or rock types being mapped. The symbols 
for surficial materials were chosen to have a close similar­
ity to group symbols of the Unified Soil Classification
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System, (Corps of Engineers, 1960), presently in wide engi­
neering use.
Surficial materials have special importance to engi­
neering projects. Surficial deposits often supply much of 
the construction materials, such as aggregates, and are used 
to construct earthwork structures such as earth-fill dams. 
They also form the immediate foundations for most structures; 
and most utility services, such as water and sewer connec­
tions, are excavated in them. Accordingly, the Gardner and 
Galster systems concentrated their symbolism efforts on these 
surficial deposits. Bedrock units were symbolized by a 
version of the typical geologist’s rock type shorthand; using 
LS for limestone, SS for sandstone, etc.
This method of symbolism is believed to offer many 
advantages over other proposed methods. These symbols are 
readily understood by the map users without extensive 
referral to the map legend or supplementary explanations. 
Furthermore, these symbols have a universal significance; 
they can be used to describe materials anywhere in the world. 
By comparison, other proposed symbols often require extensive 
reference to explanations and usually have only local appli­
cation, with different symbols being applied to identical 
materials by other workers in another area.
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Appendix A gives a full description of GLQ system's 
mapping symbols. The following sections briefly describe the 
system’s methods so the reader may adequately evaluate the 
results of the mapping undertaken in this study.
3.4 GLQ Mapping of Surficial Deposits
As defined by Keaton (1980, 1984), for surficial
materials, the GLQ system builds upon the textural symbols of 
the earlier Gardner and Galster systems by adding both 
"genesis” and "qualifier" symbols.
A genesis symbol defines the origin of the certain 
lithologie unit, and in a very general way it defines its 
geomorphic process too. This is important to differentiate 
inherent homogeneity or heterogeneity of deposits having 
similar textural properties. For example, "gravelly silty 
sand" (smg) of alluvial origin (A) would have different 
characteristics from similar textural materials of colluvial 
(C) or glacial (G) origin. These units would be differen­
tiated by the GLQ by the symbols Asmg * Csmg and Gsmg.
A qualifier symbol, in parentheses, usually adds further 
information concerning topographic expression, geomorphology, 
or mode of origin. For example (te) refers to a terrace.
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Modifier symbols define critical engineering character­
istics, such as erodibility, cementation, swelling, and 
others.
The final combination of symbols can be stated as:
eAb(c)(d)
where :
A = Genetic symbol, usually single capital letter
b = Lithologie symbol ; one or more lower case
letters
(c) = Qualifiers
(d) = Thickness, if applicable; Arabic number with
feet or meter symbol in parentheses 
e = Modifier symbol, if applicable; one or more
lower case letters to denote deposits of 
critical engineering and construction signi­
ficance
All symbols for surficial materials must have, at a 
minimum, a genetic symbol and a lithologie symbol. Qualifier 
thickness, and modifier symbols may be included only if they 
enhance the understanding of engineering significance 
(Keaton, 1984).
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3.5 GLQ Mapping of Bedrock Units
Typical symbols for bedrock materials consist of two
capital letters representing rock type in conventional geo­
logic "shorthand". In some cases, thickness and modifying 
symbols may be added if they are applicable. The general
formula for symbols representing bedrock mterials can be
stated as cAA(b) (Keaton, 1984) where:
AA = Rock type symbols ; usually one set of two
capital letters representing geologic "short­
hand"
(b) = Thickness, if applicable; Arabic number with
feet or meter symbols in parentheses
c = Modifier symbol, if applicable; one or more
lower case letters
All symbols for bedrock materials must have, at a 
minimum, the two-capital letter notations for rock type. 
Thickness and modifier symbols may be added, if they enhance 
understanding.
3.6 Engineering Geology Mapping Techniques
Engineering geology mapping of the study area started by 
analyzing soil data for Arapahoe County and Castle Rock areas
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(USDA, 1971, 1974). Soil units defined in these two reports 
were grouped into six genetic units according to the litho- 
logy and geomorphic processes producing each unit.
Field examination and aerial photograph interpretation 
was the second step. Aerial photographs dated 1953 and 1971 
were obtained from GSM and USGS files to cover the whole study 
area. Alluvial deposits, terraces, exposed bedrock, and sur­
ficial materials were defined from this interpretation. 
Boundaries of floodplain and recent alluvial deposits were 
refined during this step. Colluvial slope wash from the 
Dawson Formation typically supported tall pine trees on steep 
slopes and highlands and so were readily identified. Eolian 
materials also were easily identified. Boundaries of the 
other fine-grained colluvial deposits were obtained from soil 
conservation data (USDA 1971, 1974).
Double checks were done in the field and with all avail­
able geologic maps and reports to define the extent and 
boundaries of Denver, Dawson, Castle Rock formations under­
lying the surficial materials in the area. Also, boundaries 
of the interpreted terrace surfaces were checked. The 
following points were emphasized during mapping:
a) Genetic changes between the interpreted units;
b) Textural and lithologie changes ;
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c) Variations in the thickness of the same unit from 
one place to another, and thicknesses of different 
lithologie units;
d) Interpretation of the geomorphic processes which 
produced each of the mapped unit ;
e) Type of the underlying bedrock ; and
f) Engineering geology hazards involved in each unit.
All the above points represent the basis of the GLQ
engineering geology mapping system.
3.7 Definition of Engineering Geologic Mapping Units
Seventeen engineering geology mapping units were iden­
tified in the mapping area. Because of the style of mapping 
in the GLQ system, some slight textural variations occur 
within a map unit. In such a case, since the texture appar­
ently varies gradually, no division of the unit is shown, but
the textures are defined by symbols where they were observed.
These seventeen map units can be grouped into seven 
genetic classes as follows :
a) Eolian (1 map unit)
b) Colluvium (4 map units)
c) Alluvium (2 map units)
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d) Interbedded colluvium with alluvium (1 map unit)
e) Older alluvium (pediment and terraces) overlain by 
one of the above genetic units (6 map units)
f) Landslide (1 map unit); and
g) Bedrock (3 map units)
Figure 12 shows schematically how several of these 
units can interrelate along the margins of a major drainage­
way.
The relationships between the engineering geology map 
units and traditional quarternary stratigraphy is given in 
the legend of the Engineering Geology Map (Plate 1). 
Table 3 shows these relationships.
3.8 Collected Engineering Data
Two charts were prepared to aid the non-engineering 
geologist-user of the map to apply the data to planning or 
engineering works. One chart defines some of the important 
tested or measured engineering properties of each unit in the 
engineering geology map, and the other chart defines the 
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The Relationship Between the Engineering Geology 
Map Units and Traditional Quarternary Stratigraphy





P Pediment Alluvium, Slocum alluvium or
only one level in 
the study area.
Pediment
tel Level I terrace Louviers Alluvium terrace
te2 Level II terraces Broadway Alluvium terrace
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3.8.1 Creation of the Selected Soil Test Data Chart 
(Plate 2)
Engineering soil test data are required to be filed with 
the county planning when requests for zoning and development 
are submitted. Available records were reviewed in the 
Arapahoe and Douglas county planning departments and selected 
test data were obtained.
These soils tests and other geotechnical investigations 
were done by different professional soil laboratories for a 
variety of different locations within the study area.
Projects were selected to give both a geographic cover­
age and to measure the properties of the different engineer­
ing geology mapping units. The selected data are tabulated 
as Plate 2. The data sources used are identified in the 
chart. The tabulated data attempt to give as precisely as 
possible, values for such soil characteristics as dry 
density, natural moisture content, Atterberg limits, swell 
percent, sieve analysis, and others.
3.8.2 Creation of the Engineering Properties and Limita­
tion Chart (Plate 3)
Interpreted engineering characteristics, and the suit­
abilities or limitations of each engineering geology map unit 
were developed and tabulated to form an "Engineering Proper­
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ties and Limitations Chart” (Plate 3). The chart was 
designed according to similar charts produced with engineer­
ing geology maps in the Denver area (Gardner and Hart, 1971).
The chart describes and evaluates the units of the 
engineering geology map so that others might comprehend what 
each unit is like, and infer how it may behave in a general 
way for each proposed use. More field investigations and 
laboratory work are needed to decide the final site charac­
teristics and design criteria. Table 4 lists the engineering 
properties and limitations topics included in Plate 3.
Basic data used to develop this chart are :
a) Soil survey of Arapahoe and Castle Rock areas by 
the U.S.D.A., (USDA; 1971 and 1974);
b) Engineering Geology and Slope Maps ;
c) Field observations ;
d) Parker Quadrangle Mapping Series (Maberry, 1972);
e) The Front Range Urban Corridor Project (U.S.G.S. ,
1972-1982); and
f) Selected soil tests for preliminary planning and 
zoning requests to the planning departments of 
Arapahoe and Douglas counties, and data available 
in the files of the Colorado Geological Survey.
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The ratings and limitations in the chart were mostly 
collected and analyzed from the soil tests and some of the 
drainage characteristic studies which have been done in the 
area during the last ten years. Erodibility ranges were 
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4.0 TOPOGRAPHIC SLOPE AND LAND-USE MAPPING TECHNIQUE
4.1 Topographic Slope Mapping
The study area has slopes ranging from 0° to 90°; with 
flat to gentle slopes common along major streams and tribu­
taries in the western and northern parts of the area. Moder­
ately steep slopes are found in eastern portions of the study 
area, and steep to very steep slopes in the south.
4.1.1 Selection of Slope Mapping Categories and Map Units 
Topographic slopes for the whole area have not been
previously mapped at a scale of 1:24,000. Only the Parker 
Quadrangle has had topographic slopes mapped by Maberry 
(1972). Slope categories used in the Parker Quadrangle were 
evaluated for use in this project.
Other topographic slope maps were studied to determine 
the appropriate categories (Robinson and Spieker, 1978 ; 
Nilsen and others, 1979). Comparison of these references 
with the dominant physiography of the entire study area 
resulted in the selection of six slope categories shown in 
Figure 13. All the above references considered the first two 
categories of this study as one category. Taking into 
consideration engineering practice, land-use prospects, and 
slope stability problems, it is more convenient to place flat
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to semi-flat slopes in one category and gentle slopes in 
another. Also, slopes of inclinations more than 27° (or
30 percent) can be gathered into one category. Accordingly,
the sixth category includes all slopes greater than
30 percent. These categories can be defined in several
different ways (Table 5). For example, Category 2 corres­
ponds to a maximum angle of inclination of 3.0°, 3.3 slope 
percent, 1/20 slope ratio,and a gradient of 277 feet per 
mile.
4.1.2 Methodology
Topographic base maps of the U.S.G.S. at a scale of 
1:24,000 were used to cover the whole study area.
Two templates were designed to convert angles of slope 
for each category into contours/inch (Figure 14). A template 
was developed for each contour interval found on the base 
maps, which had either ten or twenty foot contour intervals.
For mapping purposes, these templates were transferred 
to clear mylar, moved around on the base map, and aligned to 
be perpendicular to the contours. The results were then 
plotted to produce a map of the entire area (Plate 4).
The suitability of each slope category for different 
development uses is shown in Table 6, which has been modified
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TABLE 5
Land Slope Categories Expressed as 












1 0°-l.5° 0-1.7 1/38 138
2 1.50-3° 1.7-3.3 1/20 277
3 3°-90 3.3-10 1/6.7 836
4 90-17° 10-19 1/3.3 1614
5 179-27° 19-30 1/2 2690
6 >27° >30 >1/2 >2690
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Table 6. Suitability of Each Slope Category for Different 
Development Uses (after Maberry, 1972).
Mapping Categories (Percent Slope)
Uses or Activities 0-1.7 1.7-3.0 3.0-6. 3 6.3-9.5 > 9.5
General Recreation 
Areas





X X X X X
General Urban Uses X X X X
All Weather Urban 
Roads
X X X
Septic Field Systems X X
Conventional Housing X X X X
Commercial Centers X X





X X X x 20°
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after Maberry (1972). Figure 15 shows areas of dominant 
slopes relationships within the study area.
4.2 Land-Use Mapping Techniques
4.2.1 Selection of Land-Use Classifications and Map 
Units
For many years, various levels of governmental agencies 
have been collecting data about land uses, but for the most 
part they have worked independently and without coordination. 
The needs of federal agencies for a broad overview of 
national land-use patterns, trends, and environmental values 
led to the formation, in early 1971, of an Inter-Agency 
Steering Committee on Land-Use Information and Classifica­
tions (Anderson, Hardy, and Roach, 1976). Anderson’s classi­
fication of land-uses was selected and tested through this 
committee. The proposed two-level classification was 
designed to place major reliance on remote sensing, although 
supplementary sources of information were assumed to be 
available for the more detailed mapping.
This two-level classification, employing aerial photo­
graphy as a data base at the first and second levels, is used 
by the U.S. Geological Survey, the National Aeronautics and 





17- 27' lZ7- 90
Angle of Inclination
Figure 15. Percentage of dominant slope categories within 
the study area.
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Association of American Geographers, and the International 
Geographical Union.
Levels I and II of Anderson’s classification (Table 7) 
has been applied for land-use mapping of the study area by 
Driscoll (1975) who compiled regional land-use maps of the 
Front Range Urban Corridor at a scale of 1:100,000.
4.2.2 Methodology
A land-use map for the entire study area at a scale of 
1:24,000 was produced as Plate 5. A combination of field 
checking and aerial photographic interpretation was under­
taken to produce this land-use map. The work began by 
analyzing the medium altitude aerial photographs of 1972, and 
the land-use maps of the Front Range Urban Corridor (Driscoll 
(1975 ) to define potential land-use units. Field obser­
vations were then undertaken to check the validity of the 
units and to examine the characteristics of each unit. 
Supplementary data from the Arapahoe and Douglas county 
planning departments about the current urbanized areas were 
used to refine some of the units used in the Front Range 
Urban Corridor Land-use Maps.
These modifications involved the Level II categories 
for the urbanized and built up areas. For example, Category 
Ur in the Front Range landuse maps of Driscoll represents low
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TABLE 7. Land Use and Land Cover Classification System for 
Use with Remote Sensor Data (Anderson, 1976)
Level I











Industrial and Commercial 
Complexes.
Mixed Urban or Built-up
Land.
Other Urban or Built-up
Land.
Cropland and Pasture.
Orchards, Groves, Vineyards, 















TABLE 7. Land Use and Land Cover Classification System for 











Sandy Areas other than 
Beaches.
Bare Exposed Rock.












to high density residential areas of all types. On the land- 
use maps produced by this study, Category Ur represents 
medium to high density residential areas (1 house/acre and 
more), while Url represents low density residential areas 
Cl house/5 acres and less). These definitions of density 
correspond to the standards used in Douglas County zoning and 
planning requests. This study also added map category Urp 
for residential areas under planning or development. 
Driscoll mapped sand and gravel extractions in Anderson’s 
system. However, because such areas are of limited extent 
and often became used for other purposes, all such areas were 
mapped as Ui (industrial) in this study.
The agricultural land use Level II categories of 
Driscoll have been expanded into three categories because 
Driscoll’s unit Ac (cropland) was divided into Ac (non­
irrigated cropland) and Aci (irrigated cropland).
Areas as small as one acre were mapped for all cate­
gories, and all the residential and industrial mapped data 
were updated to 1985 from county records and are shown on the 
map. Table 8 shows land-use map units produced by this 
study.
Also Table 9 shows land-use changes in the study area 
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measured from areal photographs of 1972 and final land-use 
maps produced by this project.
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TABLE 9 
Land-Use Changes During the 
Last Fourteen Years
Land-Use Category 1971-1972 1985 % of Change
% %
Urbanized Land 21 49 +233.3%
Agricultural Land 29 19 65.5%
Range Land 39 30 76.9%
Forest Land 18 9 50%
ER-3107 63
5.0 APPLICATIONS
The interaction of geologic conditions with the success­
ful completion of many regional development plans has 
recently been more fully recognized, and application of data 
to the planning process is now often termed "environmental 
geology", (Turner and Coffman, 1973). Failure to use geo­
logic information is clearly reflected in the rapid growth of 
man-induced geological hazards such as collapse of slopes due 
to the excavations for structures and highways, ground water 
contamination due to improper waste disposal, land-subsi- 
dence due to extraction of water or oil, and many other 
problems. Planning in any area depends on knowledge of the 
potentials of the area and the present land-use. During the 
last thirty years, earth scientists have developed many tools 
for documenting the environmental changes resulting from 
natural and man-made effects. Maps are one of the most 
efficient tools. The number and types of maps needed depends 
on the main purpose or problem being dealth with and the 
methods and clientele using such maps, but in general, the 
required maps should be simple and understandable to the 
potential users.
In order to make different types of maps work with land- 
use and urban development problems, modifications usually are
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needed to simplify and present information that indicates the 
kind, degree, and location of potential hazards to planners 
and decision-makers. Such information may help relocate new 
developments in areas where lives and property would not be 
imperiled, and propose appropriate design precautions for 
those developments that cannot be placed elsewhere (Robinson 
and Spieker, 1978).
The following example will briefly show how methods of 
environmental analysis and the data prepared in this study 
can be used for guidance in the development process. A four 
square mile section of the study area was chosen to demon­
strate these techniques. The selected example area is
located in the eastern central part of the Ponderosa Park 
Quadrangle (sections 17, 18, 19, 20. T6S. R66W).
Basic data for this example area were obtained from the
engineering geology map (Plate 1), the associated limitation 
chart (Plate 3), the slope map (Plate 4), and the land-use 
map (Plate 5). These serve as sources for specific con­
straints that are used to produce derivative maps (Robinson 
and Spieker, 1978). When derivative maps are combined in a 
process often called "compositing", a synthesis of the infor­
mation results which may provide some possible solutions to 
land-use planning problems.
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Slope and surficial geologic materials are the two 
important physical factors affecting the suitability of the 
natural environmental for several urban land uses (Turner and 
Coffman, 1973). Engineering geology and slope maps were 
therefore used to build a capability map assessing the degree 
of erodibility, one of the important geologic constraints 
which affect the costs of developing the land. The degree of 
erodibility of each of the engineering geology map units 
within the tested area is an important condition, but the 
degree of slope also affects the severity of erosion. There­
fore, the method used in this example encompasses three main 
steps. Figure 16 shows, in the form of a flow chart, the 
processes used in this example. Units of the engineering 
geology map of the tested area were categorized according to 
their degree to erodibility shown in the limitations chart 
(Plate 3). Table 10 shows the extracted erodibility data and 
the numerical rankings for the units within the example area.
A derivative map using these data was established 
(Figure 16, b-1). In order to proceed further, the engineer­
ing geology map was divided into 36 cells of equal size, and 
the dominant map unit in each cell was recorded by the appro­
priate code. The numeric values were assigned to map units 
according to their relative erodibility. For example,the 
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Erodibility Degree and the Numerical Rankings for the 
Surficial Geologic Units Within the Example Area.
Engineering Geology Map 
Unit Symbol (GLQ)
Degree of Erodibility 




E smc (1) 
SS7CS/ST' High 1
C cm (sw) 
CS/ST Low to moderate 3
C c-g (sw)
ss/tis Moderate 2
A c-g (fp) 
SS/CS Moderate 2
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compared to the other units (Figure 17), while colluvial 
silty clayey sands and fine gravels have a moderate degree of 
erodibility.
A derivative map for the slopes was created from the 
slope inventory map by the same method. Again, the source 
map of the example area was divided into the same cells and 
dominant map units were stored as numeric codes according to 
the data in Table 11. The numeric codes in Table 11 are
inversely proportional to the degree of inclination of the 
slope.
A composite map was developed by adding the slope and
the engineering geology digitized grid maps (Figure 16c).
The sums of the values of these two maps produce a ’’score” or 
a new value for each cell on the composite, these scores on 
the composite map were categorized as shown in Table 11.
These categories are also shown schematically with patterns 
in Figure 16d. These patterns can be produced by computer, 
and this may be more useful when there is more than one 
constraint or factor to be extracted and then combined in one 
map, or if the study area is very large so that a very large 
number of cells need to be composited.
The existing land-use of the area (Figure 16, a-3) indi­
cates that areas of high and moderate erodibility are mostly 
range and forest lands, while areas of low erodibility are
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Figure 17. Erosion paths through eolian deposits, 




Slope Categories and Suggested Numeric Codes 
Within the Example Area
Slope Code No. Slope Category Nature of Slope
Numeric
Code
1 0°-l.5° Flat 4
2 1.5°-3.0° Gentle 3
3 3.0°-9.0° Moderate 2
4 9.0°-17o Moderately Steep 1
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often agricultural lands. Also, areas of slight erodibility 
condition along southeastern side of the example area are 
open land in urbanized or built up areas. Therefore, the 
existing land uses are in good agreement with what the 
results of the example are suggesting. However, a very small 
portion in the south central part of the example area shows 
(Url) or low density residential land in the existing land- 
use map, which is located within a high potential for erosion 
area. This is not a critical condition, since low density 
residential areas have only one house per five acres.
Many other applications are possible using just the 
engineering geology and slope maps. With the appropriate 
definitions, studies can be undertaken to analyze slope 
stability problems, swell potential, ease of excavation, 
suitability for septic tank field systems, capability for 
solid or liquid waste disposal, and degree of infiltration.
For more complicated combinations of factors, environ­
mental analysis can be aided by using computers. This has 
been started when traditional geographic information was 
reduced for computer storage (Turner and Coffman, 1973). The 
speed and economy of modern computers largely removes the 
constraints on the number of cells. Computer compositing 
techniques easily handle maps having 100,000 or more cells 
(Turner and Coffman, 1973). Computer-generated gray-scale
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TABLE 12
Final Categories of the Composite Map 
Within the Example Area
Score Value Explanations
1 Severe erodibility condition
2 High erodibility condition
3 Moderate erodibility condition
4 Slight erodibility condition
5 and 6 Negligible erodibility condition
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printer maps have played an important role in such analyses 
for the last twenty years. Using only the standard computer 
line printers with their capability to overprint several 
characters and thus produce density tones, these maps can 
rapidly display the results of map compositing. Their capa­
bility to portray details is limited to what corresonds to 
the area of a single character cell (Figure 18). However, 
they are a simple and cheap method for review by the tech­
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The region is generally geologically suitable for
continued development, excluding several areas which contain
engineering geological hazards. These areas require special­
ized engineering considerations.
Evaluation should be extended to the basin immediately 
south of the study area, in order to provide complete geo­
logical engineering data for the entire basin. At that time 
it also might prove useful to combine the results of this
study with existing and future hydrological data to determine 
if urbanization within this basin will increase the proba­
bility of flooding, and possibly endanger the city of Denver.
Results of this study include:
a) an engineering geology map of the study area based 
on the GLQ System with a scale of 1:24,000
(Plate 1);
b) a chart showing selected engineering soil test data
for the engineering geology map units (Plate 2);
c) a chart showing the limitations of the engineering
geology map units for different development uses
(Plate 3);
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d) a slope map with a scale of 1:24,000 (Plate 4); and
e) a land-use map with a scale of 1:24,000 (Plate 5).
These maps will be even more useful for land-use plann­
ing if they are converted to a computer processable form and 
then used with appropriate software to analyze the suit­
ability of the area for various types of development. The 
simple example included in the report used a cellular mapping 
technique. Such a technique could be expanded to cover the 
entire study area and alternately the entire basin. Alterna­
tive methods could be employed using a variety of commer­
cially available geographic information systems.
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APPENDIX A






This appendix is abstracted from Keaton's 1984 paper, 
which fully describes the GLQ system, to allow the reader to 
more fully understand this new mapping procedure. In the 
original paper, Keaton also discusses his justifications for 
developing this mapping procedure, the advantages and the 
limitations of such mapping, and illustrates the method by an 
example from Utah. The reader is referred to the original 
paper for such details ; only the mapping symbology is repro­
duced here.
A1.0 Elements of the GLQ System
The GLQ system consists of a set of symbols which are 
easy to memorize and meaningful at a glance without constant 
reference to the explanation on a map. The majority of 
symbols pertain to unconsolidated or surficial materials; 
bedrock materials are designated by conventional geologic 
"shorthand" for rock type.
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A2 .0 Surf icial Materials
The Genesis-Lithology-Qualifier name is derived from 
the principal elements of the symbol for surficial materials. 
Typical symbols for surficial materials consist of a single 
capital letter identifying the genesis or origin of the 
material followed by one or more lower case letters which 
represent the lithology or texture of the material consti­
tuents .
Commonly, additional qualifying information pertaining 
to the topographic expression, geomorphic characteristics 
and origin of the materials is desirable. Such information 
may be designated by one or more lower case letters in paren­
theses. In some cases, thickness and modifying symbols may 
be added, if they are applicable.
The general formula for symbols representing surf icial 
materials can be stated as
eAb(c)(d)
where :
A = Genetic symbol ; usually single capital letter
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b = Lithologie symbol ; one or more lower case 
letters
(c) = Qualifier symbol, if desirable; one or more
lower case letters in parentheses
(d) = Thickness, if applicable; Arabic number with
feet or meter symbol in parentheses 
e = Modifier symbol, if applicable ; one or more
lower case letters to denote deposits of 
critical engineering and construction signif­
icance .
All symbols for surf icial materials must have at a 
minimum a genetic symbol and a lithologie symbol. Qualifier, 
thickness, and modifier symbols may be included only if they 
enhance understanding of engineering significance.
A2.1 Genetic Symbols
The genetic symbol is the initial symbol because it 
identifies the process by which the material arrived at its 
present location. Frequently, a knowledge of material 
genesis provides insight into engineering properties and 
material behavior. As Galster (1977) states, there is a 
fundamental engineering and geologic difference between a 
clayey gravel of residual origin and one deposited as a
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glacial till. In many cases, the process of formation is 
still active and must be accommodated in design of engineer­
ing works.
Virtually all surficial materials may be classified by 
one of ten genetic symbols ; these ten symbols are shown in 
Table A-l. In some instances, materials of two origins may 
be interlayered or interbedded such as alluvial and colluvial 
deposits or glacial and lacustrine deposits. In these cases, 
interbedded materials can be designated by the two genetic 
symbols separated by a slash: MA/CM or "G/L".
Occasionally, deposits of combined origin may be encoun­
tered or some uncertainty of material genesis may exist. 
Deposits of combined origin or uncertainty of genesis can be 
designated by the two appropriate genetic symbols separated 
by a hyphen: "A-C", "G-L", or MR-C” . Generally, material
genesis is sufficiently clear that a single symbol only is 
required.
A2.2 Lithologie Symbols
The most commonly used lithologie symbols pertain to 
material texture and are adapted from the Unified Soil Class­
ification System (Corps of Engineers, 1960). Additional terms 
are needed for textural sizes larger than gravel and for 
materials such as peat and trash. Lithologie symbols consist
ER-3107 88
TABLE A-l. Genetic Symbols
A - Alluvial F Fill(Man-made) R
C - Colluvial G Glacial S






of the twelve terms shown in Table A-2. The most abundant or 
significant lithologie constituent symbol should appear 
adjacent to the genetic symbol. For example, "Asm" signifies 
alluvial silty sand.
Interbedded lithologies can be designated by the two 
symbols separated by a slash: "cm/ms" signifies interbedded
silty clay and sandy silt. Commonly, a number of grain sizes 
are present in a single deposit. Listing each grain size 
creates a lengthy symbol which can be abbreviated with the 
use of a hyphen: "m-b" signifies that all textural consti­
tuents from silt to boulders are present with the dominant 
material being silt. Some deposits consist of a principal 
constituent in a matrix of other textures. "rm-g" signifies 
rock rubble in a matrix composed of silt, sand, and gravel.
A2.3 Qualifier Symbols
Qualifier symbols may be used if noteworthy qualities 
are present. For example, an alluvial deposit consisting of 
silt, sand, and gravel may require different design measures 
if it forms a flood plain than it might if it formed an allu­
vial fan. The GLQ symbol for the first condition is "Am- 
g(fp)"; the symbol for the second condition is "Am-g(f)".
Qualifier symbols are generally unique for each genetic 
classification. The qualifiers proposed in Table A-3
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TABLE A-2. Lithologie Symbols
c - clay k - cobbles e - erratic blocks
m - silt b - boulders P - peat
s - sand r - rock rubble o - organic material
g - gravel t - trash or debris d - diatomaceous material
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TABLE A-3. Qualifier Symbols
Qualifier symbols for alluvial deposits consist of the 
following:
(f) - fan morphology (fp) - present flood plain
(te) - terrace (p) - pediment deposits
(df) - debris fan
Qualifier symbols for colluvial deposits consist of:
(sw) - slope wash (ta) - talus
(cr) - creep deposits
Qualifier symbols for eolian deposits consist of:
(d) - dune morphology (1) - loess
Qualifier symbols for fill deposits consist of:
(u) - uncompacted (e) - engineered
Qualifier symbols for glacial deposits consist of:
(t) - till (m) - moraine
(es) - esker (k) - kame
(ic) - ice contact (o) - outwash
Qualifier symbols for lacustrine and marine deposits consist
(b) - beach (de) - delta
(ma) - marsh (ti) - tide lands
Qualifier symbols for residual deposits consist of:
(sa) - saprolite
Qualifier symbols for slide deposits consist of:
(ro) - rotational (tr) - translational
(Is) - lateral spread (si) - slump
(fl) - flow
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TABLE A-3. Qualifier Symbols (Cont.)
Qualifier symbols for volcanic deposits consist of:
(a) - ash
(cl) - clinker
(pu) - pumice 
(ci) - cinders
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consists of 34 symbols ; no two symbols consist of the same 
combination of letters. For some applications, a deposit may 
be adequately characterized by a genetic symbol and a quali­
fier symbol: G(t) or A(f) signifying glacial till or allu­
vial fan.
A2.4 Thickness
The thickness and stratigraphie sequence of materials 
can be shown by simply placing the thickness value at the end 
of the symbol and stacking symbols. For example, if a 
certain location has 3 feet of 1 meter of eolian silty sand 
over basalt, the symbol would be MEsm(3’)/BAM or MEsm(lm)/BAH 
and an engineer would know that excavations for full base­
ments probably would require blasting.
The basis for the thickness value should be stated in 
the explanation if no boring or test pit symbol is located in 
a position that makes the basis clear. Frequently, thickness 
may be estimated from exposures.
A2.5 Modifier Symbols
Occasionally, an extremely important characteristic 
should be noted in a symbol. Three modifier symbols were 
proposed by Keaton for surficial materials:
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1) c - cemented
2) e - expansive
3) h - hydrocompactible
These symbols precede the genetic symbol.
A3.0 Bedrock Materials
A3.1 Rock Type Symbols
The GLQ symbols for rock materials consist of conven­
tional two-letter abbreviations of rock type. Symbols for 
sedimentary, igneous and matamorphic rock types listed in 
Table A-4 are modified only slightly from Galster (1977).
Galster (1977) also suggested that man-made rock equiva­
lents could be designated. He proposed CC for Portland 
cement concrete, AC for asphaltic concrete, and PA for undif­
ferentiated pavement.
Sedimentary rocks are commonly interbedded to some 
degree. Interbedded rocks can be designated by the two 
symbols separated by a slash: "SS/SH" signifies interbedded
sandstone and shale. If the interbeds are sufficiently 
thick, they should be mapped as separate units.
Occasionally, a rock will require a dual classification 
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System, "ML-SM" is used to signify that the soil is "sandy 
silt to silty sand". In the GLQ system, "SS-ST" denotes 
"silty sandstone to sandy siltstone".
A3.2 Thickness
Thickness and stratigraphie sequence of bedrock 
materials can be shown in the manner described for surficial 
materials. Frequently, bedrock thickness will not be impor­
tant ; however, in areas of substantial proposed cuts for 
highways and other projects, the bedrock sequence may be very 
important. For example, an engineer probably should be aware 
as early as possible about a layer of expansive shale which 
would be encountered in a proposed cut. A sequence of 
10 feet of sandstone over 10 feet of expansive shale over 





Typical symbols for bedrock materials consist of two 
capital letters representing rock type in conventional 
geologic "shorthand". In some cases, thickness and modifying
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symbols may be added if they are applicable. The general 




AA = Rock type symbol; usually one set of two
capital letters representing geologic "short­
hand"
(b) = Thickness, if applicable; Arabic number with
feet or meter symbol in parentheses 
c = Modifier symbol, if applicable; one or more
lower case letters
All symbols for bedrock materials must have at a minimum 
the two-capital letter notation for rock type. Thickness and 
modifier symbols may be added if they enhance understanding.
A3.4 Modifier Symbols
Occasionally, an extremely important characteristic 
should be noted in a symbol. Characteristics which may be 
important in denoting rock materials are degree of weather­
ing, estimated strength, nature and degree of discontinu!-
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ties, expansiveness, and estimated unit weight or density. 
Keaton prefers to supplement GLQ bedrock symbols with the 
Unified Rock Classification System of Williamson (1980) to 
convey systematic engineering property information.
A4.0 Miscellaneous Symbols
Many conventional geologic symbols are necessary in 
engineering geology evaluations. These symbols include 
strike and dip of bedding, joints, and faults ; certain, 
concealed, inferred, and questionable contacts and faults ; 
landslide headscarps; locations of cross sections, test pits, 
and borings ; and active and inactive springs and seeps. 
These symbols are represented on GLQ maps in the same fashion 
as on conventional geologic maps. Additionally, they should 
be listed in the explanation.
A5 .0 Map Explanations
No matter how clear and descriptive a system of symbols 
is, each map must have an explanation of symbols to be 
complete. Explanations on GLQ maps can be presented in two 
ways. If only a few symbols are used (less than about ten), 
each symbol may be shown and described in detail.
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Alternatively, if many symbols are required on a single 
map, then the elements of the GLQ system may be outlined. 
Only those specific symbols used on the map should be 
included in the explanation.
A few representative examples should be included in the 
explanation to clearly identify the use of numbers for thick­
ness values and the concept of stacking symbols to portray 
stratigraphie sequence.
A6 .0 Map Units and Boundaries
In some applications, a map unit may consist of two or 
three symbols which have the same genetic and qualifier 
symbols but have lithologie symbols which differ in some 
minor respect. For example, an alluvial flood-plain deposit 
may vary locally with respect to the relative abundance of 
sand, gravel and cobbles. In one location cobbles may be 
most abudant and the appropriate symbol might be MAkgs(fp)M 
but a relatively short distance away, gravel may predominate 
and the symbol might be MAgks(fp).n
In such a case, it is usually more significant to use 
both GLQ symbols at their appropriate locations inside only 
one contact or boundary line than to try to separate them 
with a contact. If the scale of the map is sufficiently
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large, such a variety of lithologie constituents within the 
same genetic and qualifier unit may be differentiated. 
Alternatively, the more general symbol MAs-k(fp),f may be used 
with the associated explanation: "Alluvial deposits composed
of sand-gravel-cobble mixtures forming the active flood 
plain".
